I
N CONSIDERING the treatment of arteriovenous malformations of the brain it seems wise to limit this discussion to those of the cerebral hemispheres, the most prevalent sites for these malformations, and the locations that are most amenable to surgical intervention. The relatively rare and inaccessible arteriovenous malformations involving deep midline portions of the brain and the posterior fossa will therefore not be discussed.
The term arteriovenous malformation is favored in this discussion because it is in keeping with the embryological origin of these lesions, as Dr. Kaplan has told us. The term arteriovenous aneurysm is not favored because it might be confused with saccular aneurysms, while blood-vessel tumor, which includes such lesions as hemangioblastomas, is a generic term. Racemose or cirsoid angioma in turn may be confused with the small deep angiomas 2' often leading to intracerebral hematomas. Some earlier authors have even used the term "hemorrhoids of the brain !"
The pathological description of these lesions dates back some 100 years to that of Luschka 19 in 1854 and of Virchow ~2 in 1867, while another case was reported by Steinhell 29 in 1895. A surgical approach to an arteriovenous malformation of the surface was described by Krause 14 
NATURAL HISTORY
Any attempt to determine the best type of treatment for patients with these lesions obviously must hinge on their natural expectancy of life and their morbidity if not treated. This is a difficult matter to determine because not enough cases have been reported for statistical validity. Moreover it is often difficult to know just how to interpret and present the data that have been reported.
In an effort to arrive at some idea of what happens if no surgical treatment is offered, a table has been prepared to indicate these data, based on reports in the literature. 1,2, 4--6,9,10,12,15--I 8,20,23--26,30,31,34 Table 1 (concerning only arteriovenous malformation of the cerebral cortex) shows that of ~0 patients whose lesions were not treated surgically 41, or 19 per cent, died as the result of the malformation. While a few of this group of ~0 had merely an exploratory craniotomy and/or roentgen-ray treatment, most did not. Of the ~20, 36, or 16 per cent, died as a direct result of hemorrhage at intervals of less than a year to ~ years after the onset of symptoms. About one-third of these died within 5 years and nearly twothirds between 5 and 10 years after symptoms began.
Morbidity, as judged from reports of significant disability (Table l) If these data prove valid as more case material is accumulated, it would seem that surgical intervention can be superior to nonsurgical management, especially as close to 40 per cent of patients no! operated upon either die or deteriorate in 5 to 10 years after the onset of symptoms.
The disability or deterioration that can occur under conservative treatment can be caused by one or more of the following phenomena:
1. Hemorrhage, with resultant damage to the brain.
~. Mechanical compression of nornml cerebral structures adjacent to an arteriovenous malformation.
3. Growth of the size of the malformation with progressive <testruction of surrounding cerebral tissue.
4. Pathological changes secondary to repeated convulsive seizures; and/or 5. Deprivation of adequate circulation to other parts of the brain, when excess blood is drawn to the arteriovenous malformation sufficient to cause a chronic degree of ischemia. The latter can lead insidiously to progressive damage to the t)rainY '4 Avoidance of these hazards can be achieved by successful surgery in properly selected cases.
DIAGNOSIS
History. The two most common initial symptoms 2~,33 of arteriovenous malformations are seizures (40 66 per cent) and hemorrhage (~0~0 per cent). Headache is less common, as are other miscellaneous syruptons (Table ~) . The highest incidence of presenting symptoms of an arteriovenous malformation is in patients between ~0 to 40 years of age.
Seizures are more apt to be focal or Jaeksonian in character at first, but often become (Table 4) . Subarachnoid hemorrhage is, of course, far more frequently associated with rupture of saccular aneurysms than with arteriovenous malformations, and is known to be far less serious as to prognosis when caused by bleeding from an arteriovenous malformation.
:In taking the history the details of any pattern of seizure and the possibility of previous hemorrhagic episodes (sometimes supposed to have been meningitis) should A thorough examination of the patient should include auscultation of the head for a bruit, a test that too often is overlooked. Inspection for dilated vessels of the scalp is also important as some arteriovenous malformations also incorporate branches of the external carotid system. It is assumed that visual-field charting and funduscopic examinations are included.
Special Tests. In addition to routine studies of blood and bleeding and clotting times, plain roentgenograms of the skull and chest should be taken, the former to rule out abnormal vascular channels or intracerebral calcifications that occasionally are associated with an arteriovenous malformation. Films of the chest, together with an electrocardiogram, may indicate cardiac enlargement and electrocardiographic abnormalities secondary to a large malformation, though such changes are rare J3,27 and are apt to be revealed only by special cardiac studies such as a cardioballistogram. Studies of the cerebral blood flow can also be of value? s An electroencephalogram should be done because it is often, but not always, informative 11 as to the location of the suspected lesion. The electroencephalogram is more apt to be of localizing value when an area of cerebral atrophy is present, caused by arteriovenous malformation.
Lumbar puncture is of value for determination of pressure, protein, counts of cells, and xanthochromic cerebrospinal fluid.
Contrast studies with air or gas are seldom indicated nowadays unless it is desirable to see how much, if any, cerebral atrophy is present, as the latter may occur, and often is widespread, because of the chronic type of deprivation of blood supply that such a lesion may cause. Air studies (pneumoencephalography) that have been done with other diagnoses in mind, however, may reveal indentations of a ventricular wall, and some-times the outlines of dilated cortical vessels, typical of an arteriovenous malformation. The presence of focal unilateral cerebral atrophy shouM also alert the examiner to the possibility of an arteriovenous malformation and lead to arteriography. Ventrieulography is not advisable lest such a malformation be punctured with resultant hemorrhage.
Radioactive isotope studies have also proved of value as to the localization, extent and differential diagnosis of such lesions.
Arteriography is, of course, the key test for the diagnosis of an arteriovenous malformation and determination of its precise location, extent, feeding and draining vessels, and degree of circulatory deprivation (if any) to other parts of the brain. 22
Carotid angiography should be bilateral for several reasons. A midline arteriovenous malformation may, for example, be fed by branches of the contralateral anterior cerebral artery, or an occipital lesion by both posterior cerebral arteries. By the same token if a deep-seated posteriorly located arteriovenous malformation is shown by carotid angiography, a vertebral angiogram is also advisable. As complete angiographie study as possible is also advisable because of the not too rare association of an arteriovenous malformation with a saccular aneurysm. 3 The presence of local vasospasm usually serves to indicate recent rupture of such an aneurysm and thus determines the source of subaraehnoid hemorrhage, s The presence of a space-occupying hematoma will also be revealed by angiography. Angiography usually can be done safely with reasonable promptness after admission and is also advisable for the follow-up study.
SELECTION OF PATIENTS FOR SURGERY
As a general principle, from what has already been said, surgical excision would seem to offer the best chance of saving the patient with an arteriovenous malformation from an ultimate fate of progressive mental deterioration, hemiplegia, aphasia, or death from status epilepticus or hemorrhage. Moreover, excision usually restores normal circulation in s weeks 23 to previously deprived areas.
However it is not advisable to operate if the patient may be made worse because of the location or extent of the malformation or if he is old enough so that operative risks are great, particularly as patients over 50 are not as apt to suffer progressive enlargement of their lesion which at that age may undergo spontaneous thrombotic occlusion. (Cushing was the first to note this in a patient he operated upon twice. 4)
The younger age group (under 40) and those patients with a small arteriovenous malformation, even though in the sensorymotor cortex or dominant temporal lobe, are usually good subjects for excision of their lesion, especially those in good pre-operative condition (Table 5) . Excision avoids the risk Other forms of surgery have not proved effective often, although there have been some successes with such measures as carotid occlusion in the neck, intraeerebral occlusion of nutrient (afferent) arteries, coagulation of vessels at the surface of an arteriovenous malformation, or simple eraniotomy for decompressions ( Table 1) . Each of these latter procedures, however, has proved disastrous or ineffective too many times in too many clinics to be recommended. Roentgen-ray therapy has seldom, if ever, proved effective. ~. If additional data support this thesis, excision would seem the procedure of choice, since successful surgery generally prevents progressive deterioration and fatal hemorrhage. Moreover the incidence of epilepsy appears to be less after excision.
3. The most important diagnostic test is arteriography, which should be bilateral and preferably should include vertebral angiography. Angiography is recommended for patients who suffer focal seizures and for those in whom encephalography with gas reveals focal cerebral atrophy. Ventriculography is not advisable lest an arteriovcnous malformation be punctured with resultant hemorrhage.
4. Excision of an arteriovenous malformation seems advisable particularly for patients under 30 years of age and especially for those with small lesions even though in the sensory-motor cortex or dominant temporal lobe. The presence of a hematoma definitely indicates surgery.
5. Surgical procedures that as a rule have not proved successful, and often harmful, are carotid occlusion in the neck, and occlusion of afferent vessels intracranially (without excision of the arteriovenous malformation). Roentgen-ray therapy has seldom if ever proved effective.
6. It is concluded that with present-day developments in anesthesiology and surgical techniques, excision of an arteriovenous malformation is the procedure of choice whenever this can be done with reasonable safety as indicated by the size of the lesion, its location, and the age and condition of the patient.
